The difficult airway has been defined as a "clinical situation in which a conventionally trained anesthesiologist experiences difficulty with mask ventilation of the upper airway, tracheal intubation, or both." Given the potentially lifethreatening consequences, the American Society of Anesthesiology has developed an airway algorithm that focuses on establishing an airway, generally for the induction of anesthesia. However, there is no algorithm on how to safely transition from an established airway back to the normal, natural airway. Up to 0.19 percent of patients can require reintubation in the post anesthesia recovery unit, with the known difficult airway at greater risk in these settings for failed reintubation. Because of this, there has been recognition of the need for guidelines in the form of an algorithm to deal with extubation in these patients. To fill this current need, we propose the following difficult to intubate patient extubation algorithm for use in the operating room setting.
INTRODUCTION
Numerous papers and current guidelines regarding difficult airway management have focused on difficult tracheal intubation. As such, death/brain death claims from difficult airway management associated with induction of anesthesia decreased in 1993-1999 (35%, n= 86) compared with 1985-1992 (67%, n=93), but not from other phases of anesthesia [1] .This fall in claims for adverse events related to the induction of anesthesia may be attributable, in part, to the creation of algorithms and guidelines related to intubation [1] [2] [3] . However, to address the other phases of anesthesia related to difficult airway management, it is recognized that there is a need for the development of additional management strategies encountered during maintenance, emergence, and recovery.
To date, little guidance exists to address difficult tracheal extubation, despite the serious risk that exists with the difficult airway during this period [4, 5] . Current prediction models for difficult airways have proven useful for the management of the difficult intubation, however, there is no evidence that they are useful for the prediction of difficult extubation. Given the numerous challenges regarding difficult extubation, a recent case report (with several additional supporting case reports) has specifically recognized the need In terms of reintubation rates, contrast is provided in the critical care setting, with up to 25% of surgical intensive care unit patients requiring reintubation after a planned extubation [4, 9, 11, 13, 14, [21] [22] [23] [24] [25] [26] [27] [28] . This said, it is recognized that a low reintubation rate in the intensive care unit (ICU) is not desirable, since this will increase the number of total days intubated with associated costs and risks. This situation is in contrast to the OR where the reintubation rate should be as low as possible. This point provides insight into the numerous physiologic and pathophysiologic differences between the ICU and OR patient. However, sometimes enough similarities exist where information may be able to be extrapolated from one experience to the other. Though our proposed algorithm here is for the difficult to extubate patient in the OR, frequent references are made to the ICU patient in an effort to help guide the management of the difficult to extubate OR patient, especially where research specific for the OR patient is lacking.
Though, to date, such an algorithm does not exist, both the American Society of Anesthesiologists (ASA) and Canadian Airway Focus Group recommend that an anesthesiologist should have a preformulated strategy for extubation of the difficult airway [10, 29] . Goals should include minimal discomfort and facilitation of oxygenation, ventilation, and, if needed, tracheal reintubation in a manner that provides for a "reversible tracheal extubation." However, it is recognized that it is challenging to develop guidelines for the extubation of the patient with a difficult airway given the low incidence for the need of tracheal reintubation, the wide variety of possible clinical scenarios, the availability of equipment, and the training and experience of individual anesthesiologists [30] . Hence, any proposed algorithm needs to be modifiable to fit into a local culture, while concomitantly thinking globally on how to improve patients' long-term outcome [30] . In general, the development of algorithms follow the following steps: 1) identifying the problem, 2) selecting areas of performance improvement, 3) testing the strategy for change, 4) assessing data to determine whether performance is improved, 5) creating plans to implement improvement throughout the system, and 6) continuing to monitor effectiveness and make changes as needed [30] .
Since sources cite the importance of having a strategy in place before extubation while no set guidelines exist, we propose the following difficult to intubate patient extubation airway algorithm, recognizing that this is an area of need of improvement, providing the best supportive evidence for decision points where available, while recognizing that prospective validation of this algorithm is ultimately needed.
BODY
Respiratory complications after tracheal extubation are three times more common than complications occurring during tracheal intubation and induction of anesthesia (4.6% vs 12.6%) [31, 32] . Extubation in any patient should not occur until it has been determined that the patient can protect their airway and that the airway is patent. However, in the difficult to intubate patient, additional concerns must be considered.
According to the ASA, a strategy towards extubation of the difficult airway should include a plan that can be implemented if the patient is unable to maintain adequate oxygenation and/or ventilation after extubation, and the plan should include the short-term use of a device that can serve as a guide for expedited reintubation. This device may be "rigid to facilitate intubation and/or hollow to facilitate ventilation (2003 guidelines)." For this algorithm, the firstline device we suggest is the use of an airway exchange cathether (AEC) with an alternative secondary device, if an AEC is not available, a gum elastic bougie (GEB). In this article, GEB is broadly expanded to include all solid state tube exchangers and/or those without the ability to oxygenate or ventilate a patient.
As highlighted in a recent review article, the recommended technique by the ASA for extubation of the difficult airway utilizes an AEC [33] . This device is a hollow catheter that can be used for removal and replacement of tracheal tubes without the need for laryngoscopy (though concomitant use of laryngoscopy may increase the chances of a successful reintubation over such a device). The advantages of this device for extubation are that it can be placed long-term while waiting for airway edema to resolve, provides a conduit for reintubation, and allows for the ability to insufflate oxygen, administer jet ventilation, or reinstitute positive pressure ventilation, if needed [9, 34] .
A GEB is a 60 cm long tracheal tube introducer that is a helpful tool for intubation, but it can also be used for extubation of the difficult airway, as it can serve as a reintubation guide [35] . Although it does not serve the functions of an AEC which allows for oxygen insufflation, jet ventilation, or positive pressure ventilation, the GEB is an option in settings where an AEC may not be available, or when the anesthesiologist is inexperienced with its use [35] .
We make note here that not every difficult airway will require extubation over an AEC or GEB, and that the use of such devices precludes other options of airway management such as bag-mask ventilation or laryngeal mask airway (LMA) placement. Hence, the algorithm described below is for use only when the risk of failed extubation is high, and the perceived complexity of reintubation is deemed difficult with the possibility of failure by a conventionally trained anesthesiologist.
Lastly, extubation to an LMA is not listed in our algorithm as an option. Our algorithm is for the critical reintubation airway in the difficult to intubate patient, in which both supraglottic and infraglottic airway loss is possible, and the goal of a reliable reversible extubation method is sort. Since the LMA is at risk for failure in these situations, it is not recommended as an option in this patient population. We do make note, however, that perhaps in other, less critical airway situations, it may have a use [36] [37] [38] [39] [40] . Likewise, also for concern of losing a critical airway, deep extubations, which are the scenario in which endotracheal tubes (ETTs) are removed and LMAs are placed, are not recommended in our algorithm.
ALGORITHM EXPLANATION
As the algorithm demonstrates ( Fig. 1) , before extubating the patient with a difficult airway, one should call for assistance, have an emergency airway cart in the room (with equipment checked), suction the stomach, ensure adequate muscle paralysis reversal, prepare for a surgical airway, return the patient to spontaneous ventilation, perform aggressive suctioning of the oro/hypopharynx, ensure the patient is sufficiently awake to protect their airway by being able to follow three point commands, consider performing a cough test, as well as a cuff leak test, and consider the use of perioperative corticosteroids. Additionally, prior to the extubation of a potential difficult airway we recommend to assess/reassess the airway, as, especially in certain surgical procedures, such as otolaryngologic surgeries, the airway anatomy might have changed since intubation, or surgical or anesthetic complications, such as bleeding, may have occurred. This assessment can be done with either direct laryngoscopy, video-laryngoscopy, or endoscopy. Additionally, as part of the preparation for a possible surgical airway we recommend identification beforehand of the cricothyroid membrane, either via palpation or with the assistance of ultrasound [41] . With regard to identification of the cricothyroid membrane, body mass index appears a factor in palpation difficulty, however, body mass index does not appear a factor in identification of the cricothyroid membrance with the use of ultrasound [41] . When initially calling for help, this should include a physician more skilled at cricothyroidotomy than the attending anesthesiologist if available.
Airway protection is the patient's ability to guard against aspiration and airway obstruction. This requires an adequate level of consciousness and sufficient cough strength [42] [43] [44] . As described by Smina, patients were more likely to fail extubation if they could not open eyes to command, follow objects with eyes, grasp hand, and stick out their tongue [44] . Additionally, aggressive suctioning is necessary as the ability to protect the airway is significantly more difficult with copious secretions. It was shown in the ICU setting that patients with secretions >2.5 mL/hour had a relative risk of 3.0 to fail extubation.
Cough strength as a predictor of ability to tolerate extubation has been described in the critical care setting. One study showed that patients who were unable to cough on command or who had a peak expiratory flow (PEF) rate during a cough of <35 L/min had a relative risk of 6.9 for extubation failure, while another showed that if PEF during a cough was 60L/min the relative risk for extubation failure was 4.8 [45, 46] To assess PEF, a spirometer can be inserted into the ventilator circuit. Patients with PEF 60L/min are five times more likely to require reintubation [42, 44] Another, simpler method of assessing cough strength, showed that with an index card held 1 to 2 cm from the end of the ETT, if a patient is unable to moisten the card after 3 to 4 coughs, they are three times more likely to fail extubation [47] . Though mentioned here, it is recognized that this technique is not in wide spread use, though its simplicity may offer a wider spread use in less equipped facilities.
In relation to PEF, it is noted that patients in the ICU setting likely experience significantly longer periods of mechanical ventilation, where deconditioning probably plays a larger role in decreasing cough strength. Largely for this reason, spontaneous breathing trails have become a standard in the ICU setting for assessment of the readiness of a patient to disassociate from the ventilator. In the operating, residual muscle paralysis, not deconditioning, is the larger culprit, and, hence, spontaneous breathing trials are not used in the OR [48, 49] . Thus, proper assessment of muscle paralysis prior to extubation is recommended. To this end it is noted that there is strong evidence that acceleromyography (quantitative) monitoring improves detection of small degrees (TOF ratios > 0.6) of residual blockade, and is recommended to be used as part of our algorithm to ensue more accurate assessment of block depth and effect of reversal in the extubation of the difficult to intubate patient, where every effort must be made to try and avoid what could be a life threatening reintubation attempt [48] . In addition, complete recovery of neuromuscular function is more likely when anticholinesterases are administered early (>15-20 minutes before tracheal extubation) and at a shallower depth of block (TOF count of 4) [48] .
In our algorithm, in addition to assessment of adequate muscle paralysis reversal, though measurement of PEF offers a more objective assessment of cough strength, if this is not possible, one should test for the ability of the patient to cough on command. In one study looking at patients in the ICU, the risk of extubation failure was 24% in patients who did not cough on command [45] .
Even though the above are offered as suggestions to follow in the extubation of the difficult to intubate patient, it is important to note that generally accepted thresholds of cough strength, level of consciousness, and suctioning frequency/volume that would indicate an absolute contraindication to extubation have not been established in the ICU patient, much less in the OR patient.
Airway patency refers to the ability of the patient to maintain an open airway from the mouth and/or nose to the gas exchanging portions of the lungs. In this regard, the usual largest obstacle for the anesthesiologist is patency of the tracheal lumen post-extubation. Risk factors for postextubation laryngeal edema include prolonged intubation (variably defined as 36 hours to 6 days), age greater than 80 years, a large endotracheal tube (greater than 8mm in men or 7mm in women), a ratio of endotracheal tube (ETT) to laryngeal diameter greater than 45 percent, a small ratio of patient height to ETT diameter, an elevated Acute Physiology and Chronic Health Evaluation II score (APACHE II), a Glasgow Coma Scale score (GCS) < 8, traumatic intubation, female gender, a history of asthma, excessive tube mobility due to insufficient fixation, aspiration, and the presence of an orogastric or nasogastric tube [50] [51] [52] [53] [54] [55] (See Table 1 
).
A cuff leak refers to normal airflow around the ETT after the cuff is deflated. When a cuff leak is absent, it suggests a reduced space between the ETT and the larynx. Etiologies include laryngeal edema, laryngeal injuries, secretions, or a disproportionately large ETT for a patient's larynx size [56, 57] . Patients without a cuff leak are at increased risk of postextubation stridor which has been suggested as a risk factor for failed extubation. However, absence of a cuff leak alone is an inadequate predictor of post-extubation stridor, as a pooled analysis found a sensitivity and specificity of 56 and 92 percent, respectively [56] . Furthermore, it has been noted that many patients are safely extubated despite an absent cuff leak [58, 59] . General speaking, if a cuff leak is detected, extubation will likely have a better chance of being successful.
A cuff leak may be measured qualitatively or quantitatively. The qualitative method involves placing a stethoscope over the trachea and listening for air while the cuff of the ETT is deflated. The quantitative method averages the lowest three of six expired tidal volumes and compares them to the delivered tidal volume on volume controlled ventilation. Volumes less than 110 ml or less than 12 to 24 percent of delivered tidal volume are suggestive of decreased airway patency [50, 53, [60] [61] [62] [63] . However, to reemphasize, though a cuff leak is suggested in our algorithm, it is important to note that some authors have found that failing the cuff leak test was not an accurate predictor of post-extubation stidor and should not be used as an absolute indication for delaying extubation [53] . In the future, ultrasound may become an established method of determining the width of the laryngeal air column during cuff deflation [64] .
Table 1. Risk Factors for Post Extubation Laryngeal Edema
• Prolonged intubation (variably defined as 36hrs to 6 days)
• GCS < 8
• Age greater than 80 years Though not examined specifically in the operating room setting, corticosteroids have been investigated to assess their ability to reduce the rate of extubation failure in intensive care patients of all age groups [65] . In an examination of fourteen RCTs including 2,600 participants of patients mechanically ventilated for 3-21 days, a reduction in reintubation with the use of corticosteroids was seen (OR 0.46), with an effect most pronounced in studies when used at least 12 h prior to attempted extubation (OR 0.41) [65] . A reduction in laryngeal edema was also seen (OR 0.36) [65] .
In the ICU setting, methylprednisolone (20 mg) administered every four hours for a total of four doses prior to extubation appears to be the most effective treatment [23, 50, 51, [65] [66] [67] . However, given the usually shorter duration of perioperative care of the difficult to intubate patient, it is important to note that trials that examined a single dose of glucocorticoids shortly prior to extubation did not find a difference in outcomes [21, 26, 68] . This said, it appears reasonable that an argument could be made for the use of multiple doses of corticosteroids (methylprednisolone 20 mg every four hours as time permits) in the difficult to intubate patient, however, definitive perioperative studies, including when to start treatment (pre-operatively or intraoperatively), as well as effective OR setting doses, need to be undertaken before such recommendations can be more reliably made.
Combining both a cuff leak test with a cough test may be the easiest method for the anesthesiologist to assess airway patency, assess the ability of the patient to protect the airway, and assess their level of consciousness by being able to follow commands. With the cuff deflated and the ETT occluded, a patient can be instructed to cough. In the critical care setting, absence of both an audible cuff leak and cough is indicative of a 10 fold increase in the development of post-extubation stridor [69] . Considering that both of these maneuvers are readily available in the OR setting, it seems reasonable to recommend their employment prior to prospective OR setting verification.
Since no one particular assessment test, or combination of tests, has been established as the gold standard for meeting extubation criteria, decisions regarding extubation must be made on an individual basis. At this point in time without further prospective verification of specific modalities for use in the OR setting, by combining assessment modalities, we believe the anesthesiologist will then be able to make the best clinical decision about extubation readiness. After all, arguably the best way to prevent a failed or traumatic reintubation in the difficult to intubate patient is the clinical judgment to not extubate in the first place. If the decision to not extubate is made, a reassessment of extubation can take place at an interval per the clinical judgment of the anesthesiologist, and the decision to pursue an extubation attempt at that time, versus allowing more time to pass prior to an attempted extubation (as in cases of temporary airway swelling), versus elective tracheostomy can be made.
EXTUBATION PROCEDURE
After assessment and compliance with the prerequisites listed before entering the algorithm tree, and determination that the patient is ready for attempted extubation, if possible, patients should be placed in the upright position; however, we note that further research into the use of this, and other, positions is required before making definitive recommendations as to the best position for extubation of the difficult to intubate patient in any setting [70] . Either an AEC or GEB should then be placed depending on the equipment available to the practitioner and their level of comfort using each device, prior to awake extubation. In order to prevent the aspiration of any supraglottic material during the immediate extubation period, patients should be instructed to take a deep breath prior to deflating their ETT cuff and removing the ETT. In the operating room, this last controlled breathe can be assisted with a single breathe of positive pressure during their inhalation cycle. Orogastric tubes should be removed prior to removal of the ETT to avoid accidental removal of the AEC or GEB.
When feasible, all prior monitors, except for devices such as transoesophageal echo probes, should remain on the patient during extubation and transport to the post anesthesia care unit (PACU) or ICU.
If the patient is oxygenating and ventilating appropriately, the AEC can be removed either in the OR, ICU, or in the PACU, depending on the practitioner's clinical judgment. However, regardless of the location of removal of the AEC or GEB, it is important that all resources required for emergency reintubation or a surgical airway be available in that location.
If the patient has adequate ventilation but inadequate oxygenation, oxygen can be insufflated via the AEC. If this resolves the problem, once it is reaffirmed that the patient can protect and maintain their airway, the AEC can be removed and the patient can continue receiving supplemental oxygen as needed. If the patient continues to have inadequate oxygenation, they have failed their trial of extubation, and immediate reintubation is required without delay by attempted reintubation over the AEC. However, if there is an unexpected delay in immediate reintubation, such as defective equipment or lack of required equipment, jet ventilation, or positive pressure ventilation, contingent on the internal diameter size of the AEC used, can be used as a temporizing procedure. If the reintubation effort is unsuccessful, one would then proceed to the ASA's difficult airway algorithm, and these temporizing procedures can also be used while provisions, such as a surgical airway, are undertaken.
It is noted that commercially available AECs come in myriad sizes ranging from 8 to 19 Fr, with respective internal diameters of 1.6 to 3.4mm, and adapters for both jet ventilation and positive pressure ventilation (via bag or the anesthesia machine). Depending on patient size, 1.6mm would likely only accommodate jet ventilation, however, the larger 3.4mm internal diameter tubes may be able to provide controlled oxygenation and ventilation in select patients. It is also noted that in the event of complete airway collapse, jet ventilation is contraindicated as it requires at least a partially patent airway to prevent hyperinflation and barotrauma.
If an AEC is not available, as may be the case in less equipped facilities, one can insert a GEB, and remove the ETT tube over it during awake extubation. Since the GEB is a solid device one cannot utilize it for oxygenation or ventilation if there is an unexpected delay in reintubation after a failed extubation. However, if after removal of the ETT over the GEB the patient has adequate oxygenation and ventilation, the GEB can be removed either in the OR, ICU, or the PACU, depending on the practitioner's clinical judgment.
Though the use of either an AEC or GEB has been advocated for planned extubation procedures, it is noted these devices are not free of potentially life-threatening complications themselves, and several have been reported [9, 71, 72] . These include barotrauma, bronchial damage, misguided catheters due to tube laceration or occlusion, accidental removal of the AEC or GEB before reintubation, and the inability to advance the ETT below the level of the vocal cords due to glottis edema [71, 73, 74] . Additionally, it has been noted that complications can occur more often in patients with difficult airways [71] . Thus, though an AEC or GEB is doubtless a well-established and successful method for reintubation in the difficult to intubate patient, and potentially life-saving, complications with their use are possible. Accordingly it is stressed that simultaneous provisions should be made for surgical airway procedures in any extubated difficult to intubate patient when an AEC or GEB are placed as part of this algorithm [71] .
Currently, there are no evidence-based guidelines regarding the optimal period of time for maintaining airway access post-extubation via an indwelling AEC or GEB, with experts having suggested that the respective device should be left in place for at least 30-60 min or until the likelihood of reintubation is minimized [9, 19, 27, 28, 75] . However, with no firm guidelines, clinical judgment to balance the benefits and the risks of the leaving the AEC or GEB in place for shorter or longer periods of time is required.
Though our algorithm focuses on the extuabtion of the difficult to intubate patient in the immediate perioperative period, the practitioner should also be involved in the management planning of the patient should they begin to fail extubation in the extend perioperative period. Such planning by the practitioner should include ensuring that suctioning, bronchodilators, diuretics, and noninvasive positive pressure ventilation (NPPV) are immediately available, as, in many cases, aggressive early management can prevent reintubation. NPPV may prevent post-extubation respiratory failure if it is applied soon after extubation, particularly in the obese or those with chronic obstructive pulmonary disease [76] [77] [78] [79] . However, care is taken to emphasize the application of this technique exceedingly early in the identification of a possible failing extubation, as NPPV appears ineffective and potentially harmful if it is not commenced until after the onset of post-extubation respiratory failure. Specific to this algorithm, its use in the OR or perioperative period is unclear at this time, and any employment of its use should be done in a guarded fashion so as to not lose the airway [25, 80] .
WHY THE ALGORITHM IS NEEDED
Difficult airway management occurs when the anesthesiologist experiences difficulty with mask ventilation of the upper airway, tracheal intubation, or both. While there have been numerous attempts to predict which patients will pose problems with airway management, the difficult airway represents a complex interaction between patient factors, the clinical setting, and the skills of the practitioner. The fall in claims for adverse events related to the induction of anesthesia between 1993 and 1999 compared with 1985-1992 may be attributable in part to the creation of algorithms and guidelines for the anesthesiologist. Practice guidelines are systematically developed recommendations that assist in decision making, and while they are not intended to be standards or absolute requirements, they help provide a systematic approach to difficult airway management.
The Difficult Airway Algorithm prepared by the American Society of Anesthesiologists presents the basic tenets of preparedness and forethought. A recurring theme is that the practitioner should have numerous options based on the clinical situation. While this algorithm is likely to have had a beneficial impact of reducing complications in our patients with difficult airways, it also suggests a need for additional recommendations and strategies for difficult airway management during maintenance of anesthesia, as well as emergence and recovery.
In the authors' opinion, the algorithm presented in this manuscript will help serve this need by providing guidance towards a performulated stepwise approach to extubation of the difficult airway that provides modifiable options to fit into a local culture. Secondarily, this algorithm provides insight into the numerous areas in need of further investigation in the extubation of the difficult to intubate patient in the OR setting. Ultimately, as is needed of all algorithms, prospective verification is needed.
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